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SUBJECT: " Influencé of Creep Damage on the Toughness of Ti-5A1~2,5§
301 Stainless Steel XFH at -4239F."

ABSTRACT: The notched/unnotched tensile strength ratios of Ti-5A1-2, 5Snams . N ASA -
- and 301 5,5, XFE vere detsrmined at -423°F before and after creep . f°

testing at 603;7. Creep damage was achieved by stressing b&a{ S
alloys at 600F for 24 hours. Under thess conditions & stressaf /-
69,000 psi produced 0,014 in/in of crecp strain for Ti-5A1-2,58m,
and a stress of 168,000 psi produced 0.0027 in/in of creep strain
for the 301 £.S. XFE, The creep damage Froduced in the Ti alloy
reduced the low teamperature notched/unnotched tensile strength
ratio from 0,62 to 0,56 at —4239F, For 301 S.S. XFH the areep :
damege custained at 600°F caused e reduction in notched/umnotched
ratio from 0.96 to 0.86 at -4239F, These reductions in fracture
toughness illustrate a trend which required verifieation by add-
i1tional testing,

The ramifications of these observations are discussed in relation
to applications such as a recoverable booster system, nuclear
reactor rocket engine and reusable winged space planes,
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TOs Digtribation
FROM: Materisls Research Group, 592-1

SUBJECT: Influence of Creep Damage on the Toughness of Ti-5A1-2,5Sn and
: 301 Stainless Steel XFH at -4{23°F,

ZNIRODUCTION

In many of the structural alloy applications encountered in current space
programs the material has been subjected to conditions of low temperatures

and high stress, Under these conditions a most vital characteristic of a
structural material is its fracture toughness or resistance to crack propagation
at cryogenic temperatures.

There are two general classes of variables that affect the fracture toughness
of a material, One is associated with the metallurgical characteristics of
the alloy and includes such factors as chemical composition, crystalline
structure, microstructure, impurities, heat treatment, etc. The second class
includes factors which are superimposed on the alloy by virtue of the service
conditions, These include: <temperature, strain rate, stress concentration
factors, complexities of stress distribution, etc.

The influence of thess various factors upon the fracture characterlstics of
structural alloys is ressonably well known on at least a qualitative basis,
However, the degree to which the fracture toughness of metals is affected by
these variables applied in sequence or in combination is more difficult to
determine,

It is the purpose of this report to relate the results of work aimed at
determining the influence of a combination of factors, haretofore not studied,
on the fracture toughness of two promising high strength structural alloys.
This work wes carried out under REA 111-9222,

The objective of this study is to explore the influence of prior creep at
elevated temperatures upon the subseqent fracture toughness st cryogenic temper-
atures, Creep iz defined as s time dspendent deformation of a material under
stress at slevated temravsaiores, Az = resuld of orssp st slsvatled lemperalurs
the subsequent mechanical properties of an alloy may be altered significantly.
Minaote lattice defects are gemerated during the creep exposure which leave
permanent damage in the crystalline structure, On the basis of physical
metallurgical principles these defects can affect the fracture toughness of

an alloy at cryogenic temperatures to a gignificant degree,

The consequences of lewered fracture toughness by exposure to creep at elevated
tesiperatures are of major significance to space vehicles that are designed to
e re-useable and that utilise cryogenic propellants, A typical example of

uch a vehicle is the concept of a "recoverabls booster", In thies concept

s

FORM NG A-7021




repont  MREG 259

CONVAIR | ASTRONAUTICS e 3
M ’ 17 August 1961

the boost ctage of a space ship complex is recovered sercdynsmically after
burnout, In the course of each flight the tank meterial encounters crycgenic
temperatures during launch rhase through use of liquid oxygen end possibly
liquid hydrogen propellants and then aerodynamic heating during re-entry,

The high temperature exposure during re-entry results in creep extensgion in

the tank and wing sections of the booster vehicle. On each subssquent

flight the tank material is subjected to additional cycles of cryogenic temper-
eture exposurs followed by creep extension during re-entry. If creep damage

is encountered during re-entry the fracture toughness of the tank skin material
at cryogenic temperatures might be reduced to a dangerously low level and
could result in greatly reduced reliability during re-use of the booster,

Other examples of zpplications where creep damsge may be a significant fector
in design through this mechanism includes Space Plane, Dyna-soar, nuclear
rocket boosters, and other re-usable vehicles,

MAIERIALS

Two of the morc promising high strength alloys were used in this investigation:
Cold rolled Type 301 stainless steel sheet (Spec. GD/A 0~-71004) and annealed
5A1«2,.5Sn titanium alloy sheet, The chemical analyses of these alloys ars
given in Table I, The chemistry of the 301 S.S., conforme to the specification
establighed for missile tank constructiom. However, the oxygen content of the
titanium allcy exceeds the level established in Specificstion CD/A O-7T1010,
and can bes expected to deleteriously affsct the fracture toughness of the alloy
at axtreme sub-zero temperatures, The referenced specification limits the
oxygen ccntent to 0.12% and the 5A1-2,55n-T1 sheet alloy studied in thie
investigation had an oxygen content of 0,167%. This material was a commercial
grade of the alloy and had not been procured to Specification GD/A 0-71010,

IEST FROCEDURED

Creep damage was sccomplished by creep testing specimens having the configur-
ation shown in Figure 1. The creep test procedure consists of placing the
specimen without loed into the creep furnace held at the required test
temperature., Temperature equilibrium over the gage length of the specimen
i8 schieved from % to 1 hour and is monitsred by 3 thermocouples placed at

- A . A e » o~ AP e
the top, micdle, and botionm of 4ths rsducasd ssction of ths specimsn, aAftes

temperature equilibrium is achieved the load is epplied and the creep strain is
followed by a lineer differential transformer having &*span of .040 inch and
an accuracy of ¥ 0,0001 in/in,

After creep testing the specigens were remachined into standard tensile
coupons of gmooth! or notched™ configurations and tested at room temperature
[and -423°F using & 0,001 in/in/min strain rate to yisld and 0.15 in/min head
speed to fracture,

1. EMC-D-1
. MRG-D-10 Notch A, Ki=6,3
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In order to establish some degree of creep damage whose influence on low

temperature toughness could be evaluated, specimens of Ti-5A1-2,55n and

301 S.S. XFH were subjected to stresses at 600°F for 2/ hours duration. The

stress employed for the titanium alloy was 65,000 pasi which was sufficient

to cause a total creep strain of about 0.0138 in/in in 24 hours at 600 F, ,

The creep curve determined on thie alloy under the related conditions is ;

shown in Figure 2, The 301 S.S, XFH alloy was stressed at 168,000 psi for 3

2/, hours at 600°F, This exposure produced s total creep strain of 0,0027 in/in. ‘

The creep curve for this alloy is also shown in Figure 2, These creep |
|

deformation gurves were established on the average value based on three !
separate tests for each alloy, :

After creep exposure the samples were remachined so that they would fit the {
liquid hydrogen cryostat. Half of the samples exposed to creep damage at 1 |
elevated temperatures were machined into notched tensile specimens (Drawing : !
No. MRG-D-10) having a stress-concentration factor, K¢, of 6.3.

The results of the tensile tests performed on these specimens are presented |
in Table II for comparison.

\
T4-5A1-2, 55 j

‘ The titenium alloy did not exhlbit any decrease in tensile properties at |
room temperature as a result of creep testing. At -423%°F, however, the

notched-unnotched ratio decreased from 0,62 to 0.56 as a result of creep

exposure. The other properties such as smooth tenaile, yield, elongation

and elastic modulus seem to be unaffected by the prior creep exposure. The

relatively low notched/unnotched ratio at -423°F of this alloy in the as-

received condition is undoubtedly due to the high oxygen content of this

alloy as discussed in conjunction with Table I, Further verification of this

premise is obtained by observing the high yield strength of this partisular

alloy, 128.2 kasi, approximately 18,000 psi above its normslly guaranteed

level. This heat of the Ti-5A1-2.55n alloy would not be recommended fer use

at liquid hydrogen temperature because of its notch sensitivity in the

as-received condition, While creep damage did lower its notched/unnotched

strength-ratio from 0.62 to 0,56, similar testing muat be performed on initially

accepiable material having a notched/unnotched tensile rati- in the as-received

condition in the range of 0.9 - 1.0 at -423°F before it is nossible to evaluate

the quantitative effect of prior creep damage on the fracture toughnese of
this alloy at cryogenic temperatures.,

2Q1_Stainless Steel

L éiul;i‘ - e e B e

In the case of 301 S.S. XFH the tensile properties at room temperature were
altered slightly by prior creep testing. The yield and ultimate tensile
strengths increased while the elongation decressed. At -423°F the yield and
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ultimate strenpgths did not change but the elongation decreased to 0.5% and
the notched/unnotched ratio decreased to 0,86 from its original level of 0.96
as a result of prior creep exposure, :

o

Both alloys showed evidence of creep demage resulting from prolonged stiressing
at a tempersture of 600°F,

The critical amount of creep strain necessary to produce a deleterious effect
on toughness is not known at this time, However, the creep strain employed

in these initisl tests represents a reasonable amount that might be sencountered
in structures, The more quantitative agpects of the relationship between

creep damege and low temperature brittle frecture rssistance must await further
testing. In this study it has been demonstrated that a problem area may exist
in reusable cryogenic tanks subject to creep during portions of its useful
life,

Qb =10

Microstructural damage produced by modest creep exposure had a deleterious
effect upon the subseguent toughness characterisiics of 301 S.S. XFH and
Ti-541-2.55n at -423°F.

The notched/unnotched strength ratio of 301 S.S. was reduced from 0.96 in

. the as-recesived condition to 0.86 at ~423°F by 0.0027 in/in of prior creep
strain at 600°F. ,

The notched/unnotched ratio of Ti-5A1-2.55n was reduced from an original

value of 0,62 to 0.56 at -423°F by 0.014 in/in of prior creep strain st 600 F.
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IABLE 11
‘ EFFECT OF PRIOR CREEP ON THE TENSILE PROPERTIES AT 75°F AND -423°F
OF Ti-5A1-2,55n AND 301 S,S, XFH ALLOYS

o Modulus of Notched Notched/ Test

Alloy and Fy . Elagzicity Tensile Unnotched Temp
Condition kl kel 0§  x10%pet kel Retle . O
As Received 128.2°  129.7 21,7 16.7 Room
Creep Test.edz 128.3 133.6 . 21.7 17.7 Room
As Received 238.2  261.9 4e5 16.1 139.0
241,0 261,9 18,4 183,8
Avg. 239, 261.9 4.3 17.3 161.4 0.62 -423
Creep Tested  238.5  245.8 - 17.7 167.9
242.3  260,1 4a0 18,2 1737
Avg. 240.4  252.9 4.0 18.0 142.8 0.56 =423
301 S.S. - XFH _
As Received 205.5 221 9 1008 25.1 Roonr
. Creep Tested? 222.5 2,7.8 2.0 26,1 Room
As Received 289,.6 316.6 - 22,2 290.0
265,0  310,2 3,5 24,1 308, 8
Avg, 277.3  313.4 3.5 23.2 299.4 0.96 -423
Creep Tested 279,.6 320,1 0.5 23.7 279.4
ZZé‘Q 212 = 21,2 273.9
Avg, 276.3 320.7 0.5 22,5 277.2 0.86 =423

1 Values shown for all non-creep conditions represent average of 3 samples. See

MRG=247. .
2 Creep tested 24 hours, 69,000 psi @ 600°F, average of 3 samples.
3 Creep tested 24 hours, 168,000 psi ¢ 600°F, average of 3 semples.
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